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(57) ABSTRACT

There is disclosed a flow sensor arrangement, comprising a
main channel (1) for conveying a fluid, a bypass (2) connected
to the main channel (1) for conveying a portion of the fluid
supplied in the main channel (1), and a flow sensor (6) for
measuring a flow of the fluid portion in the bypass (2). The
bypass (2) branches off from the main channel (1) at an angle
(o) of less than 90 degrees between an inlet section (21) of the
bypass (2) and a supply section (11) of the main channel (1).
By such design means, particles can be prevented from enter-
ing the bypass (2) by this adversely affecting the measure-
ments.
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1
FLOW SENSOR ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a §371 national stage of PCT Interna-
tional Application No. PCT/CH2010/000201, filed Aug. 17,
2010, the entire contents of each of which are hereby incor-
porated by reference into this application.

TECHNICAL FIELD

The present disclosure refers to a flow sensor arrangement
and in particular to a flow sensor arrangement comprising a
bypass.

BACKGROUND ART

Flow sensors may be used for measuring flows of any fluid
such as liquids or gases. Such flow sensors may not be
arranged directly in a main channel which main channel
conveys the bulk of the fluid. Instead, the flow sensor may be
arranged in a bypass bypassing the main channel into which
bypass a portion of the fluid is diverted from the main chan-
nel. As a result, the flow sensor measures the flow of such
portion of fluid in the bypass. The flow in the bypass in turn is
a measure of the flow in the main channel which flow in the
main channel can be derived by suitable conversion factors
from the flow in the bypass. The arrangement of the flow
sensor in the bypass may be owed to a better accessibility, e.g.
for taking readings from the flow sensor, or for repair and/or
exchange purposes, or to a better resolution in the measure-
ment.

For the reason that the bypass is designed to only accept a
small portion of the overall fluid conveyed in the main chan-
nel, the bypass dimensions are small compared to the dimen-
sions of the main channel. Hence, the bypass generally is
more susceptible to contamination. Such contamination may
include particles contained in the fluid as conveyed in the
main channel which may enter the bypass. Such particles may
either become stuck in the bypass and, therefore, increase the
flow resistance in the bypass or adversely impact the flow
sensor itself. Both alternatives lead to incorrect measurement
results which do not represent the real flow in the bypass and
the main channel respectively.

DISCLOSURE OF THE INVENTION

The problem to be solved by the present invention is there-
fore to provide a flow sensor arrangement in which particles
are hampered from entering a bypass of is the flow sensor
arrangement.

This problem is solved by a flow sensor arrangement
according to the features of claim 1. In such flow sensor
arrangement, a bypass is connected to a main channel for
conveying a portion of the fluid supplied via is the main
channel. A flow sensor is arranged for measuring a flow in the
bypass. The bypass branches off from the main channel at an
angle of less than 90 degrees between an inlet section of the
bypass and a supply section of the main channel.

Due to such arrangement of the inlet section of the bypass
with respect to the main channel a flow into the inlet section
includes a component which is directed opposite to the flow
direction in the main channel. It was observed that such
bypass design helps in preventing particles from entering the
bypass. It seems that particles do not tend to reverse their flow
direction due to the mass and velocity making these particles
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inert for a change in flow direction. Even if, as suggested in a
preferred embodiment of the present invention, the influx of
fluid into the bypass is supported by arranging a flow resis-
tance in the main channel, such particles may be sufficiently
inert not to follow into the bypass.

As aresult, fewer particles may enter the bypass, such that
the flow resistance in the bypass may not be increased by such
particles and the flow sensor may not be adversely affected by
such particles either. Overall, the measurement results may be
improved and may more accurately represent the actual flow
in the bypass and the main channel respectively.

Other advantageous embodiments are listed in the depen-
dent claims as well as in the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The aspects defined above and further aspects, features and
advantages of the present invention can also be derived from
the examples of embodiments to be described hereinafter.
Such description makes reference to the annexed drawings,
wherein:

FIG. 1 illustrates a longitudinal cut of a flow sensor
arrangement according to an embodiment of the present
invention,

FIG. 2 illustrates a perspective view of the flow sensor
arrangement of FIG. 1 which flow sensor arrangement is
longitudinally cut for illustration purposes, and

FIG. 3 illustrates a longitudinal cut of a flow sensor
arrangement according to another embodiment of the present
invention.

MODES FOR CARRYING OUT THE INVENTION

Similar or relating components in the several figures are
provided with the same reference numerals.

FIG. 1 illustrates a longitudinal cut of a flow sensor
arrangement according to an embodiment of the present
invention, and FIG. 2 illustrates a perspective view of such
flow sensor arrangement which flow sensor arrangement is
longitudinally cut in FIG. 2 for illustration purposes.

A housing 3 defines a main channel 1 for conveying a fluid.
The term “fluid” includes all media capable of flowing along
a channel such as gases, liquids, etc. In the present embodi-
ment, the housing 3 basically is of cylindrical shape with a
longitudinal aperture of cylindrical shape serving as main
channel 1. The fluid to be conveyed in the main channel 1 may
flow in a flow direction indicated by an arrow in FIG. 1. The
housing 3 may be integral part of a longer tube, or the housing
3 may contribute to a flow sensor arrangement separate from
any supply and delivery pipe which pipes may be connected
to the housing 3 at both of its ends. It is noted that the housing
3 preferably defines a cylindrical main channel 1, however, a
profile of the main channel 1 other than a circle, such as a
rectangle, for example, may be implemented subject to the
application. The housing 3 advantageously is manufactured
as injection moulded component.

Within the housing 3, i.e. in the main channel 1, there is
arranged a flow resistance 4. The flow resistance 4 builds a
resistance for the fluid in the main channel 1 striking a frond
end 42 of the flow resistance 4. In the present embodiment,
the flow resistance 4, which preferably is manufactured by
injection moulding, includes multiple pipes 41 for the fluid to
pass. Permanent structures 44 in between the pipes 41 form a
resistance for the fluid. The flow resistance 4 is a component
in bypass flow sensor arrangements which allows for a suffi-
cient and well-defined branching of the fluid into the bypass
2. Other designs of the flow resistance 4 may be possible both
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in terms of profile and arrangement. The design of the flow
resistance 4 may preferably be guided by its function to
generate a pressure drop of sufficient magnitude to allow a
defined branching of the fiuid into the bypass, and to allow a
sufficient flow of fluid to pass the main channel 1 during
operation.

The housing 3 comprises a bypass member 33 in form of an
extension of basically rectangular shape, which preferably is
integrally manufactured—and in particular is injection moul-
ded—with the rest of the housing 3. The bypass member 33 is
designed for holding a carrier 7 with a flow sensor 6 arranged
on the carrier 7. The bypass member 33 supports a second
section of the bypass 2 which is connected to a first section of
the bypass 2 being formed between the flow resistance 4 and
the housing 3.

The first section of the bypass 2 includes an inlet section 21
connected to the main channel 1, and a first subsection 22
connected to the inlet section 21 at its one end and to the
second section of the bypass 2 in is the bypass member 33 at
its other end. For implementing the first section of the bypass
2, the flow resistance 4 includes a lip 43 emerging from the
front end 42 of the flow resistance 4 at its periphery. In this
embodiment, the lip 43 preferably is formed as integral part of
the flow resistance 4 and therefore preferably is manufactured
by injection moulding together with the permanent structures
44 of the flow resistor 4.

A diameter of a supply section 11 of the main channel 1 is
denoted as D1 in FIG. 1. The supply section of the main
channel 1 is defined as section followed by a junction where
the bypass 2 branches off. However, at a longitudinal position
where the flow resistance 4 is expected to reside within the
housing 3 the aperture in the housing 3 shows a different
diameter D2 which diameter D2 exceeds diameter D1. In
other words, the housing 3 comprises a recessed portion 34 at
its inner perimeter. The flow resistance 4 provides for a diam-
eter slightly smaller than D2 such that when the flow resis-
tance 4 is inserted into the main channel 1 a small gap is
formed between the recessed portion 34 of the housing 3 and
the flow resistance 4 which gap forms the first subsection 22
of the bypass 2. The flow resistance 4 may be fixed to the
housing 1, e.g. by gluing, at its perimeter in vicinity of its
lower front end 45.

In a region where the inner diameter of the housing 3
changes from D1 to D2, a groove 31 is formed in the inner
wall of the housing 3 which groove 31 forms the transition
from D1 to D2. A nose 32 of the housing 3 terminates the
groove 31 at least partially towards the main channel 1. In this
region, the lip 43 extending from the flow resistance 4 is
reaching into the groove 31 such so that an inner wall of the lip
43 on the one hand and the nose 32 on the other hand define
the inlet section 21 ofthe bypass 2. The inlet section 21, thus,
is connected to the main channel 1 at its one end, and to the
first subsection 22 of the bypass 2 at its other end.

As can derived from FIG. 1, the inlet section 21 of the
bypass 2 branches off from the supply section 11 of the main
channel 1 at an angle o of less than 90 degrees. The definition
of'such angle o can be derived from FIG. 1 in which the angle
a represents the acute angle between the main channel 1 and
the bypass 2, and in particular the supply section 11 of the
main channel 1 supplying fluid to the junction where the
bypass 2 branches off the main channel 1, and the inlet section
21 of the bypass 2. Preferably, the inlet section 21 shows a
longitudinal extension of at least 3 mm, preferably between 2
and 7 mm, and a diameter of not less than 0.2 mm, preferably
between 0.3 mm and 0.7 mm.

An orientation of the supply section 11 typically coincides
with the direction of the flow in such supply section 11. The
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same is true for the inlet section 21 of the bypass 2 which is
why such channel arrangement generates a flow in the inlet
section 21 which flow has a component that is reverse directed
to the flow direction in the main channel 1.

The smaller the angle o is, the larger the reverse component
in the inlet section 21 is. However, the smaller the angle a is
the smaller the flow in the bypass becomes. On the other hand
the smaller the angle o is the more particles are filtered and
hampered from entering the bypass 2. The design of the angle
a may follow considerations which on the one hand allow for
a sufficient flow of fluid in the bypass which may also depend
on the fluid itself, the geometry of the flow resistance in the
main channel 1 and the magnitude of the flow in the main
channel 1, and on the other hand allow for a sufficient particle
filtering.

In a preferred embodiment, the angle o is less than 60
degrees. In another preferred embodiment, the angle o is less
than 30 degrees.

Advantageously, the inlet section 21 of the bypass 2 does
not meet the front end 42 of the flow resistance 4. Instead, the
inlet section 21 is arranged at a distance d not less than 3 mm
from the front end 42 of the flow resistance 4. A preferred
range for such distance d is between 3 to 7 mm. Typically,
such distance d is defined as distance between the front end 42
of the flow resistance 4 and the end of the inlet section 21 as
shown in FIG. 1

As introduced above, the bypass 2 comprises a first section
which first section in the present example includes the inlet
section 21 and the first subsection 22. The bottom of the
groove 31 in this sense marks the turning point for the fluid
being diverted from the inlet section 21 into the first subsec-
tion 22 by an angle of more than 90 degrees (and less than 180
degrees, subject to the angle a) for the reason that the first
subsection 22 is aligned in parallel to the main channel 1. In
the present example, the first section of the bypass 2 is char-
acterized in that it surrounds the main channel 1 as can be
derived from FIG. 1: Both the lip 43 and the nose 32 are
arranged circumferentially around the main channel 1, and so
is the inlet section 21 and the first subsection 22. A circum-
ferential first section of the bypass 2 limits turbulences in the
fluid and limits the flow velocity in the bypass 2.

In contrast, a second section of the bypass 2 which includes
asecond and a third subsection 23 and 24 and an outlet section
25, is arranged in the bypass member 33 and does not sur-
round the main channel 1. The second section is designed in
form of relatively short and thin ducts. In the present example,
the second subsection 23 is arranged orthogonal to the main
channel 1 and is anon-circumferential section. Itis connected
to the circumferential first subsection 22 of the bypass 2. The
third subsection 24 of the bypass 2 is arranged in parallel to
the main channel 1 and also is a non-circumferential section.
It is further characterized as is section where the flow is
measured by means of the flow sensor 6. Preferably, the flow
sensor 6 is a thermoelectric sensor measuring temperatures
upstream and downstream of a heating element from which
temperatures the flow can be derived. The third subsection 24
is connected to an outlet section 25 which is arranged
orthogonal to the main channel 1 and is connected to the main
channel 1 subsequent to the flow resistance 4.

In the present flow sensor arrangement, the bypass 2 is
arranged for bypassing a section of the main channel 1. The
bypass 2 accepts a portion of the fluid supplied in the main
channel 1 and leads such portion back into the main channel
1. The bypassed section in the main channel 1 typically
includes the flow resistance 4.

In another embodiment of the present invention, the first
section of the bypass 2 may not surround the main channel 1.
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The flow resistance 4 may be attached to the housing 3 all
along its longitudinal extension except for, e.g. an upper
surface of the flow resistance 4 which may be flattened for
allowing a non-circumferential duct to be generated. Still, the
flow resistance 4 may comprise the lip 43 at its front end 42 as
a longitudinal extension of the—radially—flattened area. In
an analogous way, the nose 32 of the housing 3 may not be
embodied as circumferential nose 32 but may only be formed
opposite to the lip 43. By such means, the inlet section 21 and
the first subsection 22 are formed as a duct leading towards
the other sections of the bypass 2. In such configuration, the
housing 3 may not even have a recessed portion 34. Instead,
the flattened upper end of the flow resistance 4 may provide
for sufficient space for the respective first subsection 22. In
such event, the nose 32 of the housing 3 may to a little extent
reach radially into the main channel 1.

FIG. 3 illustrates a longitudinal cut of a flow sensor
arrangement according to another embodiment of the present
invention. For a better illustration, many reference numerals
are omitted which can be derived from FIG. 1. The present
embodiment differs from the embodiment of FIG. 1 in that the
lip reaching into the groove 31 of the housing 3 no longer
forms an integral part of the flow resistance 4 but forms part
of'a separate element which element is denoted as a spacer 5.
An end section of spacer 5 forms the lip 51 reaching into the
groove 31. Spacer 5 may take the form of a shell around the
flow resistance 4, and may preferably be attached to the flow
resistance 4, e.g. by a suitable glue, prior to an insertion of the
combined spacer/flow resistance 5, 4 into the main channel 1.
In this embodiment, the spacer 5 may be attached to the
housing 3 by suitable fixing means, such as a glue.

The spacer 5 may fully or partially be embodied as a
laminar flow element including associated surface structures,
such as a honeycomb structure for example. In such embodi-
ment, spacer 5 supports a laminar flow of the fluid portion in
the bypass 2. Spacer 5 may also be built from multiple layers.

The present flow sensor arrangement may especially be
suited for measuring the flow of domestic gas.

The invention claimed is:

1. Flow sensor arrangement, comprising

a main channel (1) for conveying a fluid,

abypass (2) connected to the main channel (1) for convey-

ing a portion of the fluid supplied in the main channel,
aflow sensor (6) for measuring a flow of the fluid portion in
the bypass (2),
wherein the bypass (2) branches off from the main channel
(1) at an angle (o) of less than 30 degrees between an
inlet section (21) of the bypass (2) and a supply section
(11) of the main channel (1).
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2. Flow sensor arrangement according to claim 1, wherein
aflow resistance (4) is arranged in the main channel (1) ahead
of the inlet section (21) of the bypass (2) in flow direction.

3. Flow sensor arrangement according to claim 2, wherein
the inlet section (21) is arranged at a distance (d) not less than
3 mm from the flow resistance (4).

4. Flow sensor arrangement according to claim 2, compris-
ing

a housing (3) in which the main channel (1) is arranged,

a groove (31) in an inner wall of the housing (3),

a nose (32) terminating at least part of the groove towards

the main channel (1), and

a lip (43, 51) reaching into the groove (31) such that the

inlet section (21) of the bypass (2) is formed between the
lip (43, 51) and the nose (32).

5. Flow sensor arrangement according to claim 4, wherein
the lip (43) extends from and is formed as integral part of the
flow resistance (4).

6. Flow sensor arrangement according to claim 4, wherein
the lip (51) forms the top end of a spacer (5) arranged between
the flow resistance (4) and the housing (3).

7. Flow sensor arrangement according to claim 6, wherein
the spacer (5) includes a laminar flow element.

8. Flow sensor arrangement according to claim 6, wherein
the bypass (2) comprises a first subsection (22) connected to
the inlet section (21) which first subsection (22) is aligned in
parallel to the main channel (1).

9. Flow sensor arrangement according to claim 8, wherein
the first subsection (22) is formed between a recessed portion
(34) of an inner wall of the housing (3) and the flow resistance
(4) or the spacer (5) respectively.

10. Flow sensor arrangement according to claim 8, wherein
the bypass (2) comprises a first section surrounding the main
channel (1).

11. Flow sensor arrangement according to claim 10,
wherein the first section includes the inlet section (21) and the
first subsection (22).

12. Flow sensor arrangement according to claim 11,

wherein the bypass (2) comprises a second section con-

nected to the first subsection (22) and the main channel
(1) which second section lacks the quality of surround-
ing the main channel (1), and wherein the flow sensor (6)
for measuring the flow is arranged in the second section.

13. Flow sensor arrangement according to claim 4, wherein
both the lip (43, 51) and the nose (32) are arranged circum-
ferentially.



